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2 Overview.

TLF300@s a wideband, ultrdnigh dynamic range 2@Hz softwarelefined receiver, signanalyser
and signal generator. It capturesdanalyses the entire 2402480MHz band simultaneously. It can
also generate arbitrary wat@ms occupying the band 23@Z:85MHz with a maximum peak level
of 0dBm.Additionally it includes a CW signal generator covering 25MHz to 6GHz tyiftical

output level of-50dBm to-28dBm

Zirconis aBluetoot®5 BR/EDRonfigurationfor the TLF300@oftware-defined receiver, signal
analyser and signal generator. Ti&rconconfigurationcan:

1. Act as either a signalling or naignalling tester.

2. Performthe majority ofphy level tests as specified in Bluetod®adio Frequency Test
Specification whout the need for additional test equipmerifesting beyond the limits of
the specification is also supported.

3. Act as a signal generator, creating all necessary signals for receiver testing including signals
outside the specificatiorAdditional test equipment is required to perform high level-oft
band blocking tests.

4. Act as a signanalyser, performing transmitteland receiver tests which are manually
configured.

5. Act as a packet sniffer with live output to Wireshark or data archive in-pgéprmat.

Theconfigurationhas been honed for speetdihe TLF300@ossesses anique parallel architecture
to maximise throughput.

A key feature of the unit is its ability to perform C/I receiver selectivity and intermodulation tests
without the need for additional test equipmerithis is possible due t6LF300Q @tra-linear

wideband signal generator. This permits both wanted and interfering signals to be generated
through the same signal path. The high linearity and low noise floor ensure that there is ample
dynamic range to encopass both the wanted and interfering signals. Furthermore, high fidelity
filtering of the interfering signals ensures that they are correctly bandlimited and that unwanted
sidebands are not responsible for test failurtrss is frequently overlooked wheexternal test
equipment is used to provide these signals. The single signal path also removes the need for time
consuming and laborious calibration of signal combiners as well as eliminating the need to ensure
that the injected interfering and wanted sigisado not generate intermodulation products before
arriving at the DUT.

Unique toTLF300@s a 25MHz to 6GHz signal generatofhe source is not capable of providing the
strong blocking signals required by the RF test specification, bigutfisient toenable receiver
blocking performance to be exploréal the 2 to 3GHz region.

TheZirconconfigurationis highly parameterised, permitting it to be configured for different
scenarios. For example:

1. The unit may be controlled directly from a hesachine via USB or Ethernet.
2. The unit can be operated in either signalling or fsignalling mode
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3 Control

3.1 Overview
Zirconcan be controlled ithree ways:

Control method Interface

USB Ethernet
Python vV Y;
Cdll \% \%
Zircon GUI \% \

Tablel: Methods of Controlling Zircon

3.2 Python or C dll
Python and C dlls can be provided for driving Zliteonapplication. These can connect to the
Moreph30unit over either USB or Ethernet.

3.3 Zircon GUI

A GUI is shipped with thé&rconapplication. This permits the application to be controlled via a host
running Windows, Linux or OS X. The GUI connects teltneph30either over USB or Ethernet.
The GUI exposes the majority of tAeconfunctionality.

The GUI may also be used to generate test script files in a format which can be ukedPyyhon
and C dlls
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4 Operating Modes

4.1 Overview
Zirconhasthree mainoperating modes:

Mode DUT control Test control Tx Test Rx Test
Loopbackester Overthe-air Script V \%
Signal generator None User \%
Signaknalyser Overthe-air User V \%

Table2: Zirconoperating modes overview.

In addition to the three main operating mode&rconalso suppors packet sniffing and LMP
message monitoring to aid debugging of DUT connection issues.

4.2 Loopbackester

Theloopback testemode executesests in accordance with thBluetoothRadio Frequenciyfest
Specification. The tests to be performed are entered into a script which is then execuZdat dry
The DUT is automatically controlled Biyconover-the-air.

All tests are fully parameterised, permitting exploratimimargin against th&luetooth5
specification or datasheet figures.

4.3 Signal Generator

The signal generator mode permits manual contricdll the signal sources used in the Bluetooth
Radio Frequencyest Specification. Any combination of the following signals can be generated
simultaneously:

Packetsed BR/EDRest signal

Continuously modulatedr packetsed BR interferesignal

Up to three independentirband CW signal which may be pulsed
In-band AWGN, which may be pulsed

Out-of-band CW signal.

a s wnhe

All signal sources are fully i@aneterised.

4.4 SignalAnalyser
The signahnalyser mode monitors all’9 BR/EDRhannes simultaneouslyThe signal analyser will
process unwhitened packets in accordance withtiia@smitter tests contained within th8luetooth
Radio TesSpecification.

When in signal analyser mode, the DUT may either be controlledtbeaair or independently using

0KS OKALI SYyR2NRa G22fax AS (GKS aA3ylsignallingl f & & SNJ
mode.If the DUT is controlled ové&he-air, then it is possible to perform receiver tests as well as

transmitter tests.

The signal analyser mode also permits the capture of raw IQ data.
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5 Launching theZirconGUL

In order to communicate with th& LF300@init, it is necessary to attach it to a host computer via
USB or Ethernet (or both). An Ethernet connection is only possible if the host compuf€LBaA00
unit reside on the same subnet. TReF3000P address can be changed by connecting it to a host
computer via USB and using thieledyne LeCroy Wireless PHY Tester

To launch theZirconGUI it is first necessary to rdreledyne LeCroy Wireless PHY Tegtes should
result in the following screen being displayed:

2 found. Searching... <3 Apps Network

=& TLF3000_A (0000008a)
Application Number | Licence Key
=% TLF3000_B (00000000)
802.15.4 RF Tester 15 15587deSaedcazb43d462236307...
BR/EDR RF Tester (BT 5.2,Dev) 16 99cfd9c538d7423bbd9b2602179...
LE RF Tester (BT 5.2,Dev,DUTx32) 14 af109fccfbf4a6491f88db45261ca. .
Add Licence... Oear All Licences

Figurel: Teledyne LeCroy Wireless PHY Temten screen.

This screen indicates that the followiigF300@evices have been discovered:

1. Serial number 0000008A connected via USB (highlighted)
2. Serial number 00000000 connected via USB

The righthand side of thevindow has three tabs:

1. Configuration Shows whicleonfigurationsare licensed to run on this unit. It also permits
the loading of new licence keys.

2. Network Shows the current network settings and permits these to be modified.

3. Info. Providesmord Y F2NX I GA2Yy | 602dzi GKS dzyAd | yR LISNXYA
modified. It also provides a means of updating the firmware on the unit.
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To launch th&irconconfigurationopen theW 2 y F A 3 daNand theh giter:

1. Double click on th&T 5BR/ER RF Testeonfiguration
2. Highlight theBT 5 BR/EDR RF Testanfiguration y R KS y Rud App O 0 diil Ki & y ab

On launching theonfiguration the searching cursor should stall, the fan on Th&-300Qinit will
start to spin and after a few seconds tdecon GUI will load.
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6 Anatomy of theZirconGUIL

6.1 Overview
TheZirconGUI is composed of the following elements:

A tool bar along the top of the window

A monitor panel to the right of the window

A status bar at the bottom of the window

Mode tabslocated imnediately underneath the tool bar

A mode control panel to the left of the window

A graphics area

A scripting/tabular results area below the graphics area

An expandable device status area above the graphics area

ERAE@AQE G T 3 pTOO

O NGk~ RE

l Signal Analyser l
T - e Outt oner (68
» Measurement Address 0000 (](l(]ﬂ(]ﬂ(]ﬂ 0000 0(10(]0(]0(] 0000 UEUUUUUU ‘\".‘:m 60 _5;
» Modulation filter Page ) U g S
» Packet slot filter Baseband O O 0] )
» Channel filtter Test mode 0 0 ] 3
} Plot RSSI (dBm)

Payyvs Channel 2 :
e 0
25 @ =

Input Power (dBm)

10 e 0og,

Favg
G
w

0 10 20 30 40 50 60 70
Channel
Pog 0 = - - - 0dBm 2 | 20dBm 3 | NPyt Port Ll
Input Attenuation | 0.048 = |
Pk - Py 0 = il

Tim's Moreph  Serial number 0x00000000 No overload condition
Figure2: ZirconGUI

6.2 Toolbar
The toolbar contains the following elements:

6.2.1 Open and save

=

Opens and loads a settings file. Settings are saved individually for each mode of operation. The
appropriate settings file iautomatically selected on the basis of the current mode tab.
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'IZI']

Saves the settingsesultsor log files Settings are saved individually for each mode of operation.
The choice as to whether settingssultsor log filesare saved is determined by the file

extension which is selected. This tool can also be used to save test scripts in the format required
by the native programming language.

6.2.2 Screen capture

Ny

Saws the current graphics area as an image file. A variety of image file formats are supported.

Takes a screen shot thfe GUI and saves as an image file. A variety of image file formats are
supported.

6.2.3 Zooming

15

®

Activates the croskair cursor which permits zooming within in the graphics area. Depress the
left mouse button whilst dragging the curstor select the area to be displayed. Clicking the right
mouse button within the graphics area will give a list of additional zoom options.

©

Zooms out within the graphics area. Clicking the right mouse button within the graphics area will
give a list of adiional zoom options.

A
< >
v

Pans within the graphics area. Hold down the left mouse button and drag to pan anywhere
within the graphics display.
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<

Pans along the-axis within the graphics area. Hold down the left mouse button and drag
horizontally. This is particularly useful for examining long waveforms.

A

v

Pans along the-gixis within the graphics area. Hold down the left mouse button and drag
vertically.

6.2.4 Device control

Inquiry button. Clicking this icon will result in a device ingbieing performed. The device
status area will be expanded to show the devices which are discovered. Whilst the inquiry is in
progress the icon will change to:

X

Device inquiry in progress. The device inquiry can be stopped by clicking the icon.

my

Devicepage and connect icon. When clicked ttanfigurationwill attempt to page and connect
to the device selected in the device status window. Once connected the icon will change to:

0

Device connected icon. This shows that a device is currenitligected. If this icon is clicked
then the device will be disconnected.
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6.2.5 Run and clear

Causes the currently selected mode to riMOTE: the signal generator will not output energy
until thisis clicked.

Stops the currently selected medunning. A raning operation will automatically be aborted i
a different mode of operation is selected.

=)

Clears the current results histo¢got applicable in signal generator mode packet sniffer
mode). Any error messages will also be cleared.

i

Measure the frequency and amplitude of a CW signal. Only applicable in loopback test mode.

6.2.6 Help

@

Displays the dime documentation in aveb browser.

S

Displays version information.
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6.3 Monitor panel

6.3.1 Overview
The purpose of the monitor panel is to permit the user to quickly ascertain whether:

1. There is RF energy being emitted from the unit
2. There is RF energy being received by the unit

Whenever the unit or DUT appears to be unable to receive, the mopétoel should always be the
first item to examine. Many problems can be quickly resolved with the information that it displays.

The monitor panel also determin@&gich RF port is being used and provides manual control of the
receiver frontend attenuation.

6.3.2 Output power
The output power gauge shows the energy being emitted byrhE3000The gauge is only
approximate and should not be used for accurate measurements.

The red arc indicates the overload region. If an overload doeg atis will be evident ¥ the
Wh dzii LJdzi  t ZabeSiNding iRd avidiaQvarning message being displayed in the status bar.

The output power gauge only shows the energy being emitted within th&Rl4 ISM band. Energy
from the outof-band CW blocker is not included, evensffiequency lies within the 2@Hz ISM
band.

6.3.3 Input power
The input power gauge shows tleaergy incident on the selectel.F300@nput port. The gauge is
only approximate and should not be used for accurate measurements.

The red arc indicates theverload region. If an overload doesobtll (G KA & Attt 0SS SOARE
t 2 6 S NJ labRl tuMibgred and a warning message being displayed in the status bar. It may be
possible to remove a receiver overload condition by:

1. Addingadditional receiver fronend attenuation using the control at the bottom of the
monitor panel
2. S LILIA Yy IATXRERF filoliE ®WKS Wa2yAG2NJ LyQ wC LER2NI Aa o

The input power gauge only shows energy within the@RE ISM band-lFar filters atthe front of
the receiver chain ensure other energy is eliminated and cannot block the receiver.
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6.3.4 Input port
The input port switch selects which of the two RF input ports will be used:

1. ¢ K Blonkér InCport is suitable for offair monitoring and has a noise figure oiB. In
benign environments no additional receiver fregmd attenuation should be required.
However, in environments with strong Wi activity, it may be necessary to add receiver
front-end attenuation to prevent overload conditions.

2. ¢ K S/Ri@pbrt is suitable for conducted measurements. If the DUT is capable of outputting
more than +1@Bm, it may be necessary to add receiver frent attenuation to prevent
overloading the receiver.

6.3.5 Input attenuation
These controls are used to select the receiver frendl attenuation. The attenuation may be
adjusted by:

1. Moving the slider
2. Using the up/down arrows on the spin box
3. Typing a numeric value into the spin box text area

The available attenuaih range is 0 to 31.8B in steps of 0.8B.

6.4 Status bar

6.4.1 Overview
The status bar at the bottom of the window is divided iftar areas:

Friendly name of th& LF300@init
Serial numberof the TLF300@init
Overload indicator

Error message text
Currentdata and time

ok wNE

6.4.2 Friendly name
Displays the LF3000riendly name. This may be modified using théotab on the
ApplicatonLoader

6.4.3 Unit serial number
Displays thd'LF3008erial number as an 8 digit hexadecimal value.

6.4.4 Overload indicator

The overloadndicator will turn red when an overload condition occurs on either the trartemit

output or the selected receiver input port. The text of the message will indicate where the overload
condition is occurring.
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6.4.5 Error message text

The error message text refitsthe last error detected by th&irconconfigurationrunning on the
TLF300@init. Thismeds3S A& Of SI NBR ¢ KS ybut®isinm frésded, KrSheW w dzy Q
a different operating mode is selected.

6.4.6 Data and time
The current data and timare displayed at the bottom right of the status bar.

6.5 Mode tabs
The operating mode is selected by the tabs immediately underneath the tool bar. The following
operating modes can be selected:

Loopbackester
Signal generator
Signal anaker
Packet sniffer
DUT control

a s wne

In addition, it is possible to display a page showing the health of E00Qnit.

Whenever a new mode of operation is selected, any currently running tests are aborted.

6.6 Mode control panel

For each operating mode, a mode control panel is displayed to the left of the window. This panel
allows the user to define the parameters for the current operating mode. The contethie ofiode
control panel are modespecific.

In the case of théoopbacktester andsignalanalyser, the mode control panel is divided into two
tabs:

1. Cafiguration This tab contains parameters whichntrol the overthe-air signalling to the
DUT and govern how data will be collected

2. Analysis This tab containparameters which determine how results from the collected data
will be displayed.

6.7 Graphics area

Inthe loopbacktester andsignalanalyser modes of operationa graphical representation of the
resultsis displayed in the graphics area. Which results aspldyed and how they are displayed are
determined by the settings in thi#nalysi§tab on the mode control panel.

Inthe signal generator mode, the graphics area provides a visual indication of which signals have
been programmed. Note that the graphicsaronly shows what has been programmed; to make

2

the programmed signals appiid I 4 G KS ( NI y & Yuttoniwghdthed@oNGarsmusi bleS Wt I

activated.
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In the packet sniffer mode, the graphics area shows a spectral display pfetailing RF
environment.

In the DUT control mode, the graphics area displays the LMP messages which have been exchanged
between the tester and the DUT. The most recent messages are displayed at the top of the screen.

6.8 Scripting/tabular results area

In theloopbacktester mode, the region below the graphics area is used for constructing and
displaying test scripts. This area also indicates whether the tests have been run, and if so, whether
they passed or failed.

In the signalnalyser mode, the egion belav the graphicsareaisused to display tabular results.

Which results are displayed is@lé&S NY Ay SR o0& &S (abjptha madlgconird{l S W! y I &
panel. The results tables also contain test limits which can be adjusted by the user. Tests that fail th

limits are highlighted. The contents of the graphics display area can also be controlled by highlighting

rows within the results table.

The scripting/tabular results area is not used in signal generator uateket sniffer mode or DUT
control mode.

6.9 Device Status Area

The device status area is availabléoimpback test mode, signal analyser mode and DUT control
mode. It can be expanded or collapsed by clicking on the arrow head at the top left of the window. It
will automatically be expanded when an inguis performed and automatically collapsed when a

test is started.

The device status area is able to display the addresses of up to 3 devices which were discovered
during an inquiry. An individual device may be selected to participate in the test bkichehe
Pageébox directly underneath the address. At the current time only one device may be selected.
Future versions ahe Zirconconfigurationmay permit more than one device to be selected in
loopback test mode.

When a test is running, the indicator boxes below the device address should be greyed. The
Baseban@box indicates that th& LF300Mas successfully made a baseband connection with the
device. ThéFPest modé€box indicates that the DUT has successfullgrd test mode. This box may
flicker each time a change to the DUT test mode parameters is initiated.
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7 Signal Generator Mode

7.1 Overview
The signal generator is able to produce any combination of the following signals:

Packetied BR/EDRest signal

Continuously modulatedr packetised Biiterferer signal
Three independentiband CW signalwhich may be pulsed
In-band AWGN which may be pulsed

Out-of-band CW signal.

a s wnNe

The mode control panel on tHeft-handside of the screen lists the signals which can be generated.
The switch to the left of the signal name programs the signal on or off. Although a signal may be
programmed onno output is generated from the unit unfilK S Buttdn in &h&tool bar is

activated.

The top graph in the graphics window shows a symbolic representation of signals generated within
the 2.4GHz ISM band. The graphics assume a resolution bandwidth &H)Gence the displayed
levels for modulated signals will be slightly lowlean their programmed levels.

The bottom graph in the graphics window shows a symbolic representation of the signals generated
between DC and &Hz. The graphics assume a resolution bandwidth greater than modulation
bandwidth, hence all signals appear héir programmed levels.

=] =ECICCR IR J010)

Signal Generator N|
(@B » Wanted (on) be In-band Signals Qutput Power (dBm)
W) » Interferer (off) * !
@ ) » 1st CW Interferer (off) 0
@ O » 2nd CW Interferer (off) 20
@ O » 3rd CW Interferer (off) =
@ O » AWGN (off) § -0
@ ) » outof-band CW (off) é
» Cable loss g w0
¢ w
100
Input Power (dBm)
.........
R 2400 2410 2420 2430 2440 2450 2450 2470 2480 2430 -‘.\-m = 0'*‘,
Frequency (MHz) = &
All Signals s 5 7.
0 s @ 9
& .= /s)
= 40 L, 20
g .
g 0
3
-80
-100
Input Port Tx/Rx
-120 Input Attenuation 0.0d8 *
500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000
Frequency (MHz) {

Tim's Moreph Serial number Ox00000000 No overload condition

Figure3: ZirconGUI in signal generator mode.

7.2 RF connections
The signal generator output is on the Tx/Rx port.
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7.3 Programming thepacketised BR/EDRsignal

7.3.1 Overview
To turn the packeted BR/EDRignal on or off, toggld KS &6 A G OK (2 {Ket f ST

To program the packe#d BR/EDRignak S E LJ y R ighdl méhts byyClitkBgd it:

~ ~
EEK@OQ > I BO®
| Signal Generator |
(& ~ wanted (on) = In-band Signals Outputhl?llj:lx:elrl(dﬁm)
Channel| 11 & o "

Frequency| 2413 MHz =

Amplitude.  -70.0dBm + -20

Packet type| DHL ¥

Modulation BR v
LAP 1234 56

UAP 78

Whiten

CLKE7:0] 00 80
LT_ADDR TYPE FLOW ARQN SEQN

Power (0Bm/100kz)
57

aoo 0010 0 a 0 -100
Payload octets| 27 =+

-120 y
LLILY ELCWSSIEENGTH 239 2400 2410 2420 2430 2440 2450 2460 2470 2480 2490 S0 [

Input Power (dBm)

00 0 11011000 Frequency (MHz) ~

‘l

_ s 5
Packet payload All Signals s )
Mo paylead FEC o -

Payload CRC present 0 - m,.-—-—".' o

Repeat forever v/ )
N - 5 15
20

Packet interval 379us ¥ -20 ~

- ‘. <30
g Ji -0 v

Dirty transmitter y/|
Waveform distortions ¥

Power (dfm)

Ramp time| 1.ius =

Back porch| 0.5us = -100

Front porch| 0.5us + A ‘

Input Port Tx/Rx

Bit error rate| 1.000000 + a
Input Attenuation 0.0d8 -
PN

Digital output -2 34567 ) 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000
[ I 3 A A Frequency (MHz)

Tim's Moreph  Serial number Ox00000000 No overload condition

Figure4: Programming the packesd BR/EDRignal.

7.3.2 Carrierfrequency
The frequency of the carrier can be setywhere between 2395MHz and 2485MHz inclusive in
1MHz steps by:

1. using the channel number spin box
2. using the frequency spin box

As with all spin boxes, adjustment can be performed either by usingghgown arrows or by
entering a numeric value into the text field.

7.3.3 Amplitude

The amplitude of the wanted signal can be adjusted fra@0dBm to OdBmfor basic rate packets
and-120dBm to-3.1dBm for EDR packetor EDR packets, the amplitude denotesdkierage

power in the EDR portion of the pack&te total combinegheakoutput power of the unit within

the 2.4GHz ISM band isnited to 0 dBm. Therefore, if other signals are active, the maximum output
power for the wanted signal will be reduced to mi@in the peak output power within thedBm

limit.
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7.3.4 EDR Amplitude

When an EDR packet type is selected, a spin box is visible which permits the relative level of the
GFSkoortion of the packet to be set relative to tHeEDRoortion of the packet. The averagmergy in
the GFSkKoortion of the packet may be set betweeBdB and-1dB relative to the power in thEDR
portion of the packet.

7.3.5 Packet type selection
A comlw box permits any one of the possible Bluetooth packet types to be generated. Support of DV
packets is incomplete. Changing the packet type may impact on which other options are displayed.

7.3.6 Modulation

A combination box is used to display the modulatidrichwill be used, ie BR-EDRor 3-EDR. The
modulation cannot be changed directly but is deduced from the packet type which has been
selected.

7.3.7 LAP
The LAP used to generate the packet synch word is displayed as a 6 digit hex number. It can be
changed by typig over the displayed digits.

If the selected packet type is ID packets, then a checkbox is provided to force the LAP to the general
inquiry LAP.

7.3.8 UAP
The UAP used to generate the header error checksum (HEC) is displayed as a 2 digit hex number. It
can be chnged by typing over the displayed digits.

7.3.9 Whitening

A checkbox indicates whether the contents of the packet will be whitened. If whitening is selected,
then the lowest 8 bits of the Bluetooth master clock, CLK[7:0], are displayed as a 2 digit hex number.
Bits 1 through 6 are used to determine the whitening seed. Bits 0 and 7 are ignored. The value of
CLK]7:0] can be changed by typing over the displayed digits.

7.3.10 Packet header
The contents of the packet header are displayed as five separate fields. Eatlagi¢he: LSB on the
left-handside:

1. LT_ADDR. This is displayed as a 3 bit binary number. Each bit can be toggled by clicking on it.
If the signal generator is to be fed into the signal analyser of a seCbR800@nit, then set
the LR_ADDR to 1.

2. TYPE. Theacket type field is displayed as a 4 bit binary number. This is deduced from the
packet type selection combo box and cannot be edited directly.

3. FLOW. The FLOW field is a single bit binary number whidhedaggled by clicking on it.

4. ARQNTheARQNield is a single bit binary number which damtoggled by clicking on it.

5. SEQNTheSEQNield is a single bit binary number which dastoggled by clicking on it.
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7.3.11 Payload octets
If the selected packet type contains a payload, then a spin box showimithber of payload
octets is displayed. The number of octets does not include any payload header or CRC, if present.

7.3.12 Payload header
If the selected packet type requires a payload header, then this is displayed as three binary fields.
Each field has the L®B theleft-handside:

1. LLID. This is a 2 bit binary number which can be modified. Individual bits can be changed by
clicking on them.

2. FLOW. Thisis a 1 bit binary number which can be modified by clicking on the displayed digit.

3. LENGTH. This is eitheb ar 10 bit field, depending on packet type. It displays a binary
representation of the payload length. This field is not editable directly but is set based on
the payload length spin box.

7.3.13 Payload
The packet payload can be set to any one of the following{(lggnificant bit first):

PRBS9 sequence
PRBS11 sequence
PRBS15 sequence
PRBS20 sequence
PRBS23 sequence
PRBS29 sequence
PRBS31 sequence
11110000 repeated
10101010 repeated
.11111111 repeated
. 00000000 repeated
. 00001111 repeated
.01010101 repeated
. User defird

© 0Nk wWwDdRE

A e
A WN RO

L¥ G4KS da! & SNJ RS T xngrSaReéx repredéniatioy of théipacked paBoadiiSdiplayed
below the packet payload combination box. The payload may be edited by directly typing over the
displayed hex digits.

7.3.14 FEC
The FEC tbe applied tothe packet is shown on a single status line. This is deduced from the packet
type selected and cannot be edited directly.

7.3.15CRC
A single status line shows whether a CRC will be added to the packet payload. This is deduced from
the packet type selection andnnot be edited directly.
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7.3.16 Number of packets to generate
If the \Repeat forevetbox is checked, then the signal generator will continue to send BR/EDR
packets until the RUN/STO@utton in the toolbar is reset.

If the \Repeat forevetbox is unchecked, #n a spirbox is displayed which determines the number

of packets which will be generated. These packets will commence as soonWsithe e K@ ¢ h t
button in the toolbar is pressed. If any packet parameters are changed during transmission, then the
previoustransmission will be cancelled, the number of packets transmitted reset to zero and a new
sequence of packets with the modified parameters sent.

The minimum number of packets which can be generated is 1 and the maximum number is 65535.

7.3.17 Packetinterval

The packet interval is defined as the time between the start of the preamble of one packet and the
start of the preamble of the subsequent packet. This interval can be adjusted using the packet
interval spinbox. The minimum packet interval is depdent on both the payload length and the
modulation scheme. The maximum packet intervésis

The packet interval may change automatically if either the payload lengihaket typeis changed.

7.3.18 Packet timing jitter

It is possible to impose timing jitten the start of each packet. The timing jitter is relative to the
expected packet start time, not relative to the previous packet. Hence the mean symbol timing is
correct even if packet timing jitter is enabled.

The packet timing jitter combbox permits3 different types of jitter distribution:

1. No jitter
2. Uniformly distributed jitter
3. Gaussian distributed jittefapproximate)

If one of the options other thakNo jitterQs selected, them spinbox appears which permits the
peak jitter to be entered. Thegak jitter can be set between8 and 1s. If the jitter extends into the
period where a subsequent packet is expected to be transmitted, then that packet will be dropped.

7.3.19 Dirty transmitter

7.3.19.1 Overview
By selecting dirty transmitter mode, itp®ssible to control:

Modulation index
Carrier offset

Carrier drift magnitude
Carrier drift rate
Symbol timing error

AR

26 TLF300@ircon Reference Manual\0



TELEDYNE LECROY

The carrier drift is applied in accordance with BleietoothRadio FrequencYyest SpecificatiarFor
basic rate packets thearrier drift is specified as:

1. The carrier drift at the start of each packet is@er

2. The carrier drift follows a sinusoidal variation whose frequency is determined by the drift
rate parameter

3. The magnitude of the sinusoidal variation is determined bydii# magnitude parameter

4. Successive packets have the sign of the carrier drift reversed

The carrier drift for EDR packets is identical except that no carrier offset is applied during the GFSK
portion of the packet and the carrier drift commences at gtart of the EDR synchronisation word.

The GUI hold4 different sets of waveform distortionshich are applied to different packet types:

Basic rate single slot packets
Basic rate 3 slot packets
Basic rate 5 slot packets
EDR packets

> wbn PR

I £t AO1 Ay 3 BIYNN KBA auftch MilRjopuy thedirty transmitter dialog which displays
the waveform distortion table which is currently in use:

B Dirty transmitter distortions for single slot basic rate packets X
0 75 kHz = 0.28 = 25 kHz = 1600 Hz - -20 ppm ~
1 14 kHz - 0.30 -~ 25 kHz = 1600 Hz - -20 ppm ~
2 2kHz - 0.20 < 25 kHz - 1600 Hz - 20 ppm ~
4 0.33 - 25 kHz = 1600 Hz - 20 ppm =~
Remove
S Clear all 0.34 - 25 kHz - 1600 Hz ~ -20 ppm ~
6 Insert above 0.29 - 25 kHz = 1600 Hz -20 ppm -
7 Insert below 031 = 25 kHz = 1600 Hz - -20 ppm ~
8 Ruplicale 0.28 = 25 kHz & 1600 Hz = 20 ppm =
9 -75 kHz ~ 0.35 < 25 kHz = 1600 Hz - 20 ppm <
Reset Restore Defaults Apply Cancel Open Save

Figure5: Dirty transmitter dialogue box displaying the waveform distortion tabigently in use.

For basic rate packetbé transmitted signal is divided insegments 20ms longacketsresiding in

the first segmengare transmittedusing the distortions defined in the first row of the waveform
distortion table,packetsin the secondegmentare transmitted using the disrtions defined in the
second ow of the waveform distortion table, etc. Once all the rows in the waveform distortion table
have been exhausted, the first row is reused.
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For EDR packets, the same scheme is used eftwgthe packets are divided into segments which
are each 20 packets long.

Each individual distortion specified in the waveform distortion table can be adjusted using the
associated spin box, either by using the up/down arrows or by entermgreeric value into the text
field. The parameters can be varied over the following ranges:

Parameter Minimum value Maximum value
Carrier offset -250 kHz +250kHz
Modulation index 0.23 0.40

Drift magnitude -78kHz +78kHz
Drift rate OHz 20000Hz
Symbol timing error -100ppm +100ppm

Table3. Rangesverwhich thetransmitdistortions nay be varied

7.3.19.2 Editing the waveform distortion table

A row in the table can be selected by left or right clicking on the packet group number in the first
column. Once a row in the packet group table has been selected, an edit menu can be ppdmped
right clicking anywhere in the selected row.

The edit row permits the following operation to be performed:

1. Copy The contents of the selected row are copietbithe waveform distortion clipboard

2. Paste The contents of the waveform distortion clipboard are copied into the selected row
(this option is only available if the waveform distortion clipboard is not empty)

3. RemoveThe selected row is deleted from the wvedorm distortion table.

4. Clear AllThe entire waveform distortion table is deletgdince the table has been cleared, a
new entry can be inserted by clicking immediately underneath the table header.

5. Insert aboveA new entry is inserted above the selectet. The new entry has no
distortions and a modulation index of32.

6. Insert below A new entry is inserted below the selected row. The new entry has no
distortions and a modulation index of32.

7. Duplicate The selected row is duplicated.

A new row can be inserted at the end of twaveform distortion table by clicking immediately
below the last row. The new entry has no distortions and a modulation inde8af 0.
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7.3.19.3 Dirty transmitter dialog buttons
The buttons along the bottom of the dirtyansmitter dialog perform the following functions:

1. ResetThe contents of the waveform digtamn table are reset to the values they held when
the dirty transmitter dialog was popped up and all edits are discarded.

2. Restore defaultsThe contents of the waveform distortion table are reset to the values
specified in theBluetoothRadio Frequencyest Specificatian

3. Apply The current contents of the waveform distortion table will be used for all future
transmission®f the relevant paket typeand the dirty transmitter dialog is closed.

4. CancelAny edits to the waveform distortion table are discarded and the dirty transmission
dialog is closed. All future transmissions will use the waveform distortions which were
present prior to the dty transmitter dialog being poppedp.

5. Open The waveform distortion table will be loaded from an XML file.

6. Save The currently displayed waveform distortion table will be saved to an XML file.

7.3.20 Ramp time

The time taken for the power to ramp up and dowtrtlze start and end of the packet can be
controlled using théP w I Y LIspinbo& STRe power ramp profile follows a Chebyshev window. The
minimum ramp time is 1.1us and the maximum ramp time is 10us.

7.3.21 Front and back porch

After the power ramp, there is a period of unmodulated carrier prior to the commencement of the
modulated packet preamble. This period is referred to as the front porch. After the last symbol of
the payload has been sent, there is a period of unmodulateder prior to the down ramp. This
period is referred to as the back porch. The length of both the front and back porch may be set
independently using th&’ C N2 y llandW2 MIOR GidboxEsKTRe minimum lengths are Ops
and the maximum lengths aréfs.

7.3.22 Bit error rate

By default, the wanted signal modulator faithfully outputs the bits as defined by the packet payload.
However, it is possible to impose random bit errors on the stream entering the modulator. These
errors are uncorrelated. The bit erraate can be specified using thie. A G S SlaMBAXJTING § S Q
maximum bit error rate is 0.0625. The resolution of the bit error rate is 0.000001.

7.3.23 Digital output

To enable other test equipment to be synchronised vidticontransmissions, it is possible toggle
digital output lines when a packet is being transmitted. The selected lines will be low between
transmissions and go high during the transmission.

TheTLF300@nit has8 digital output linesAll 8 linesare available for signalling packet transmission.

A % /4 A x

[AySa INB astSOGSR o0& (233tAy3a Ww.Q (2 WMQ Ay (K¢

If a digital output line is specified as monitoring both wanted signal transmissions and modulated
interferer transmissions, then the stat# the line is the logical OR of the two signals.
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The 10 voltage for the lines may be either:

1. Aninternal 3.3V generated supply
2. An external supply in the range V2o 5.0V

7.4 Programming the modulated interferer signal

7.4.1 Overview
Zirconcan generateither a packetisear continuously modulated interferer signal. This signal is
required to performreceiverC/l and intermodulation tests.

To turn the modulated interferer signal on or off, toggleK S a6 A G OK (2 G K@&xt.t STl 27

Toprogram the modulated y G SNF SNB NJ & A 3y | fsignalSnerbyeliRking nSt: WL y G S NJ

EEHOQA <> I BOD
|

Signal Generator |
@ ) » wanted (off) In-band Signals Output Power (dBm)
A R
(@B ~ interferer (on) . . “-‘ 0 -0 -
Channel| 38 ~ o 60 -0 -,
Frequency 2440MHz + 20 S 2"
Amplitude| -20.0d8m * || B /
§ -0 -8 10
Modu\atlcn =
Continuous transmission 8 0 o
T -
Payload length| 255 Octets = g Fug ¢
2
Packet interval 10000 us [ %0
01234567
Digital output 75 P e L] 100 Input Power (dBm)
W) » 1st CW Interferer (off) 0 R L
@ ) » 2nd CW Interferer (off) 2350 2400 2410 2420 2430 2240 2450 2450 2470 2480 2450 S (U
uency (MHz) o .
@ ) » 3rd OW Interferer (off) i S s,
@ » AWGN (off) - \ :
@ O » outof-band CW (off) o T m
» Cable loss -
20 -, 55 15
g =30 2
) ‘
g
g -60
-80
-100
Input Port Tx/Rx
-120 Input Attenuation 0.0d8 -
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000
Frequency (MHz) ;

Tim's Moreph  Serial number Ox00000000 No overload condition

Figure6: Programming the modulated interferer signal.

7.4.2 Carrier frequency
The frequency of the carrier can be setywhere between 238MHz and 2485MHz inclusive in
1MHz steps by:

1. using the channel number spin box
2. using the frequency spin box

As with all spin boxes, adjustment can be performed either by using the up/down arrows or by
entering a numeric value into the text field.

If the receiver intermodulation tests are being performed on channels near the band etthgesthe
required frequencyor the modulated interferer signal may fall outside th&9%-248 MHz band
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Under these circumstances it will not be possible to perform the intermodulationaitstthe
interferers on one side of the wanted signllwill always be possible to perform the
intermodulation test with the interferers placed closer to the band centhan the wanted signal.

7.4.3 Amplitude

The amplitude of thenodulatedinterferer signal can be adjusted frorh20dBm to 0dBm. The total
combined output power of the unit within the 2@Hz ISM band isdBm. Therefore, if other signals
are active, the maraum output power for themodulatedinterferer signal will be reduced to
maintain the peak output power within the@Bm limit.

7.4.4 Modulation
In the current implementation, only basic rate is supported for the interferer signal.

No transmitter distortions ar@applied to themodulatedinterfering signal. To apply transmitter
distortions to the interfering signal, udeanzanitethe TLF300®Bluetoothtraffic generator
configuration

The modulation index is fixed at 0.32.

7.4.5 Continuous or packetisetransmission

The modulated interferer can be set to be either a packetised transmission or a continuous
transmission (as required by the C/I and intermodulation tests). A simple checkbox is provided to
switch between these two modes.

When a continuous tr@asmission is selected, the transmission commences with the normal
preamble, synchronisation word and header. However, the payload is never terminated, leading to a
continuously modulated GFSK signal.

The payload of the transmission is always a PRBS15rsesjue

7.4.6 Payload length

When in packetised mode, it is possible to specify the packet payload leFyghis set using the
Wayload lengtlispinbox. The minimum payload length is O octets and the maximum payload length
is 339 octets.

7.4.7 Packet interval

When in packetised mode, it is possible to specify the interval between packets. The packet interval
is defined as the time between the start of the preamble of one packet and the start of the preamble
of the subsequent packet. This interval can be adgisising thedcket intervalspinbox. The

minimum packet interval is dependent on both the payload length. The maximum packet interval is
5s.

The packet interval may change automatically if the payload length is changed.
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7.4.8 Digital output

To enable other tst equipment to be synchronised witircor@transmissions, it is possible to
toggle dgital output lines when the modulated interferer sigmabeing transmitted. The kted
lines will be low prior to transmissiaand go high during the transmission.

TheTLF300@nit has8 digital output linesAll 8 linesare available for signalling modulated

A 2 4 oA x

interfereri NI yaYA&daArzyd [AySa INB aStSOGSR oé (233t Ay

If a digital output line is specified as monitoring both wanséghal transmissions and modulated
interferer transmissions, then the state of the line is the logical OR of the two signals.

The 10 voltage for the lines may be either:

1. Aninternal 3.3V generated supply
2. An external supply in the range V2o 5.0V

7.5 Programming the irband CW signal

7.5.1 Overview

Zirconcan generateaip to 3in-band (i.e. 2395MHz to 2485MHz) CW interferer signbhesesignas
arerequired to perform receiver intermodulation testShe CW signals may also be used to help
characterise AFHassification algorithms.

To turnanin-band CW interferer signal on or off, toggle the§vd K (G2 GK&CWSFG 2F GKS
interfererQ G SEG @

To programanin-band CW interferer signalfeLJl y R " QViirBerfaieyQ & A Jy I £ YSydz o0& (
on it:

EEP@QA 0 I BOD

| | Signal Generator | |
@ ) » wanted (off) In-band Signals Output Power (dBm)
@ ) » Interferer (off) o - !
@) - st CW Interferer (off)
Frequency 2440.000 MHz + .
Amplitude| -50.0¢dBm - § -0
Continuous transmission §
& < -60
Burst length 100.0us - 5
Duty cycle| 50.00 % = § 80
@ O » 2nd CW Interferer (off) -100 [y
@ ) » 3rd CW Interferer (off) -
@ ) » AWGN (off) =) 2400 2410 2420 2430 244{0 , 2350 2460 2470 2480 2490 Input Power (dBm)
Frequency (MHz) ittt
@8 ) » outof-band CW (off) All Signals R
» Cable loss ot D s
0 <
-15 5
-20 -
r Vm/ )
~ z
-0 :
§ e 15
g w0 -
H w L 0
-100 Input Port Tx/Rx
120 Input Attenuation 0.0d8 =
500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000 e
Frequency (MHz)

Tim's Moreph  Serial number Ox00000000 No overload condition

Figure7: Programmingan in-band CW interferer signal.
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7.5.2 Frequency
The frequency of the Hhand CW interferer signal can be set by:

1. Using the channel number spin box
2. Using the frequency spin box

As with all spin boxes, adjustment da@ performed either by using the up/down arrows or by
entering a numeric value into the text field.

The frequency can be sahywherebetween 2395VHz and 248%1Hz inclusivevith a resolution of
1kHz

7.5.3 Amplitude

The amplitude of the Hpand CWinterferer signal can be adjusted frorhi20dBm to 0dBm. The
total combined output power of the unit within the 2@Hz ISM band isdBm. Therefore, if other
signals are active, the maximum output power for thdand CW interferer signal will be redute
to maintain the peak output power within the 0dBm limit.

7.5.4 Pulsed operation
Each CW signal can be independently set to either continuous or pulsed. If pulsed operation is

A % 4 A x

4SSt SOGSR: GKSy GKS t Sy Birstlemgi SILOK midiibadbraiksS & S i
length is 0.1us and the maximum burst length is 1.6s. The duty cycle of the signal is set using the
Putycycl® &aLIAY O02ED

The commencement and cessation of each pulse is abrupt; there is no power ramp up or down. As a
consequence, power maye splattered across the band at the start and end of each burst.

7.6 Programming the AWGN source

7.6.1 Overview

The AWGN source provides uniform output power from 2395MHz to 2485MHz. This source can be
used to artificially reduce the signt-noise of asignal. The AWGN source can be continuous or
pulsed.

To turnthe AWGN sourcen or off, toggle the swit€ (1 2 U KSAWGHNIei. 2F (GKS W

To progranthe AWGN sourcesE LI Y RAWG F$gnattmenu by clicking on it:
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EEK@OA > L OO
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rall B
i, BRiznre: ]| & L :
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Tim's Moreph  Serial number Ox00000000 No overload condition
Figure8: Programminghe in-band AWGN source

7.6.2 Amplitude

The amplitude of the AWGN source can be set in the rab@2dBm/MHz to42dBm/MHz.The total
combined output power of the unit within the 2.4GHz ISM band is 0dBm. Therefore, if other signals
are active, the maximum output peer forthe AWGN sourcwill be reduced to maintain the peak
output power within the 0dBm limit.

7.6.3 Pulsed operation
The AWGN source may be set to either continuous or pulsed. If pulsed operation is selected, then
GKS tSy3idk 2F St Bistlefuptsn S LMY HR0E ddzaAKyST YIRS YWzZY 06 dz

YR GKS YIFEAYdzY 6dzNEG € Sy3dK A& wmdbutichcle KSLIRzG & ¢
box.

7.7 Programming the ouof-band CW signal

Zirconcan generatean outof-band CW interferer signarl his signatan be usedo perform receiver
blocking testsHowever, the available output power is not sufficient to perform-ottband

blocking as specified in the Bluetooth Radio Test Specification. Furthermore, the frequency range of
the out-of-bandblocker does not extend beyond 6GHz, whereas the Bluetooth Radio Frequency Test
Specification requires testing up to 12.75GHz.

To turn the outof-band CW interferer signal on or off, toggieK S a g A G OK G2 -oi KS f ST
0l YR tekt2 Q

To program tie outof-band CWA y (i S NF SNB NJ & A Fof-b F ¥ R SighaldehRbyli K S  Wh dzii
clicking on it:
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Figure9: Programming the oubf-band CW interferer signal.

7.7.1 Frequency
The frequency of the owbf-band CW interferer signal can be set by usingfteguency spin box.
The frequency can be set to any integer MHz betweeWB# and 85Hz.

The Bluetooth Radio Frequency Test Specification requires testing of the blocking performance up to
12.75GHz. This is beyond the capabilities offthE300@nit. Seealso the comments on blocking
amplitude below.

7.7.2 Amplitude
The amplitude of the oubf-band CW interferer signal can be adjusted fré&iddBm to-28 dBm.

The Bluetooth Radio Frequency Test Specification requires blocker leviElgsiBm below 2GHz and
above 3GHz, and levels-@f7dBm between 2GHz and 3GHz. Hence approximate blocking
performance between 2 and 3GHz can be measured,

7.8 Programming the able loss

The signal generator is able to adjust its output power to compensate for cable loss between the
Moreph30and the DUT. The compensation is only febamd signals, and hence may be inaccurate
for the outof-band CW signal.

¢tKS OlotS t284 Aa &aSi oé& SELIYRAYy3I (GKS W Iot$S
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